ABSTRACT Twenty two operations have been performed on 20 patients for the relief of symptoms due to bullous lung disease. Open intubation drainage of the bullae was used in all patients, the technique initially devised by Monaldi for the treatment of intrapulmonary tuberculous abscesses having been modified. Three patients died after surgery. Mortality was associated with low preoperative FEV1 (median 350 ml) and higher preoperative arterial carbon dioxide tension (Paco2) (median 7-8 kPa). Symptomatic improvement was reported by 16 of the remaining 17 patients and was maintained over a median follow up period of 1-6 years. This was accompanied by objective improvement in lung function with a 22% median improvement in FEVy, an 1 1% median reduction in total lung capacity, and a 26% median reduction in residual volume. In one patient symptoms were unchanged after surgery. The technique described provides a simple method for decompressing bullae by means ofa minimally invasive surgical procedure. It also allows for the treatment offurther bullae at a later date by closed intubation under local anaesthetic. It has proved a suitable approach for all but those with the poorest lung function and is now our treatment of choice.
Introduction
Dominant bullae are well recognised in association with advanced and generalised emphysematous lung disease. Various surgical techniques have been developed in an attempt to excise the dominant bullae, to allow any underlying compressed and potentially functional lung tissue to re-expand. Techniques that have been used include simple ligation, plication, and segmental or lobar resection, though none of these is ideal. Many patients benefit from surgery, sometimes dramatically; but it has sometimes proved difficult to equate symptomatic improvement with improvement in respiratory function.
Patients referred as potential candidates for surgery frequently have substantial respiratory impairment and surgery is therefore not without risk, from sputum retention, pneumonia, and respiratory failure. Mortality in some series has been as high as 26%. ' Intracavity intubation and drainage, initially introduced in 1938 by Monaldi to drain pulmonary cavities after tuberculous infection,2 was later adapted for the treatment of any localised pyogenic intrapulmonary abscess34 and Monaldi's personal series of cases exceeded 2000. 5 The technique has more recently been advocated for the treatment of bullous emphysema. "5 Techniques using intracavity intubation have potential advantages for the treatment of bullous disease. No lung tissue is removed, and this is important for patients with generalised and progressive lung disease; moreover, emphysematous lung tissue is difficult to suture. In addition, the limited incision and brief anaesthesia needed for the procedure are better tolerated by patients with poor lung function.
The technique described was originally devised for patients whose lung function was thought too poor to allow major thoracotomy and formal excision of the bullae. We Operative procedure A limited thoracotomy (10 cm) is performed, to resect a portion of the underlying rib. The site of the incision is determined according to the site of the bulla and the disposition of adjacent compressed lung tissue. We aim to position the base of the decompressed bulla so that it is as close to the incision as possible. The pleura is opened and the bulla incised, and two concentric polypropylene purse string sutures are inserted around this incision. The interior of the bulla is inspected and the septa perforated to allow free communication with adjacent loculae or bullae. lodised talc is liberally insufflated into the bulla cavity. A large Foley catheter (size 32 FG) is inserted into the cavity via a separate stab incision in the chest wall, and the balloon is inflated with 30-40 ml air to function as a selfretaining intrapulmonary drain. The purse string sutures are secured. The remaining free pleural cavity is liberally insufflated with talc to obtain a thorough postoperative pleurodesis. An intrapleural drain is inserted at the most dependent part ofthe pleural space and the wound closed. Slight traction on the intrapulmonary drain causes the bulla to lie adjacent to the chest wall. Postoperatively the Foley catheter, lying within the bullae, remains on free underwater seal drainage. The air leak from this drain is frequently brisk. The intrapleural drain remains on underwater seal suction at 2-5 kPa. It is removed when any air leak has stopped, usually within 48 hours. The Foley catheter is removed at 8 days, irrespective ofresidual air leak. The patient is able to mobilise during this time with a single underwater seal drain carried in a suitable transporter. This period allows a secure bronchocutaneous fistula to form. After removal ofthe drain this bronchocutaneous fistula spontaneously closes within the ensuing 24-48 hours, after which the patient is discharged from pred) Venn, Williams, Goldstraw hospital.
The data were not normally distributed. Paired data were analysed with the Wilcoxon signed rank test and unpaired data with the Mann-Whitney U test.
Results
Three of the 20 patients died in the postoperative period. Two of the deaths were due to progressive respiratory failure and the third to staphylococcal septicaemia.
The preoperative FEV, ranged from 220 to 2130 (median value 740) ml. , fig 2) , and a 26% median reduction in residual volume (p < 0-0lt, fig 2) . The residual volume (expressed as a percentage of the total lung capacity) fell from a median of 69% to 59% after surgery (p < 0 05t). Radiological improvement was seen in all patients (figs 3 and 4). Subjective improvement was reported by all but one patient, who remained unchanged. The improvement has been maintained so far for all but two patients over a median follow up period of 1 6 years. In both patients deterioration was attributable to formation of further bullae. Percutaneous drainage was performed again in both cases, under local anaesthesia, with additional symptomatic improvement. The surgical treatment of such bullae was not popularised until the early to middle part of this century. Such surgery has typically been "bullectomy": formal resection of lung incorporating the bullae, the resection ranging in magnitude from a small wedge of pulmonary tissue to one or occasionally more lobes. Occasionally a bulla presents itself as a discrete "cyst" on a narrow based pedicle, allowing simple ligation and removal without the excision of any underlying pulmonary tissue. This usually occurs without associated emphysema. The mortality associated with surgery has ranged from 2% to 26%.' 6'3 '1'7 Death is usually due to progressive postoperative respiratory failure, precipitated by pulmonary infection in patients with poor lung function. Their condition is aggravated by the occurrence of a persistent air leak and the attendant immobilisation after pulmonary resection, to which these patients are particularly prone because of their underlying emphysema. For this reason some authors have advocated the use of Teflon pledgeted sutures for such tissue. '8 Patients presenting with bullae usually have moderate or severe respiratory impairment, as in our own series, with a low FEV, and other evidence of airflow obstruction. Such patients cannot usually tolerate any further reduction in their respiratory performance, however brief. The best results from surgery, in terms both of mortality and of symptoms, have been when bullae have been removed or decompressed without resection of lung tissue or alternatively when the resection encompasses an entire lobe.3478 3 The assessment of patients for surgery has proved difficult. Earlier reports noted that the best results were in those patients in whom the bulla exceeded one third of the volume of the affected hemithorax and whose respiratory function was not complicated by generalised emphysema.7141516 Wesley'" advocated preoperative indium perfusion scanning to identify patients with large, discrete, perfusion defects as a sign of larger, discrete bullae. Other techniques have been advocated. Logan (personal communication) found bronchography of value in assessing the distribution of emphysema within a lobe and the compression of adjacent lung tissue. Most surgeons have relied on posteroanterior and lateral chest radiographs, choosing to operate only on patients with radiographic evidence of parenchymal "compression" adjacent to the bulla. Latterly, in our own series, we employed computed tomography and this allowed visualisation of intrathoracic bullous disease far superior to that afforded by conventional radiology. It will distinguish large discrete bullae from more generalised emphysema, where bullous surgery is often inappropriate and unrewarding.
Many observers have had difficulty in equating the subjective improvement reported by patients after surgery for bullous disease with improvement in the results of conventional lung function tests.'0"' 141617 Some sceptics argue that this indicates the placebo effiect of surgery in this condition. The alternative suggestion, that we cannot easily define and measure the cause of dyspnoea in these patients, may be more realistic. In our own series subjective improvement correlated well with improved spirometric results and reduction in total lung capacity and residual volume. The absence of any improvement in arterial blood gas tensions and carbon monoxide transfer factor would argue against the relief of lung compression as the cause of the subjective improvement. The reduction in lung volumes would cause a reduction in the work of breathing and this, combined with a reduction in the sensation of discomfort, possibly from chest wall stretch receptors as a result of the reduction in chronic hyperinflation of the chest, may play an important part in the symptomatic improvement reported by these patients.
Monaldi's technique of closed intubation drainage, initially used for the treatment of post-tuberculous and subsequently other localised pyogenic abscess cavities, has been advocated by others for the treatment of bullous disease.67 It was initially described as a two stage procedure. The first stage was to obtain a pleurodesis with the extrapleural insertion ofan iodine soaked pack,67 which was subsequently removed, the wound being allowed to heal before the second stage of catheter insertion and suction drainage of the bulla. We have combined these two stages to allow a satisfactory pleurodesis and drainage of the bulla to be carried out at the same time. The technique has the great appeal of requiring a very limited surgical approach and avoids resection of underlying lung tissue, which is important for these patients with limited respiratory reserve. The use of computed tomography has greatly facilitated the selection of patients, allowing exclusion of those with generalised emphysema accompanying their bullous disease, in whom surgery produces poor results. It has also allowed better preoperative planning of the surgical approach by localising underlying compressed pulmonary tissue. This enables the surgical incision to be positioned to allow the base of the bulla and the intracavity drain to lie adjacent to the chest wall after decompression. The technique was valuable in treating the two patients who presented after their initial surgery with further bulla formation. The pleurodesis obtained at the initial operation allowed intubation and drainage of the new bullae percutaneously under local anaesthesia, without risk of pneumothorax.
We have attempted to push this technique to the limit and now recognise that, although highly suitable for patients with poor respiratory function, two of the three patients who died had respiratory function (FEV, 220 and 350 ml) that was too poor to allow even minimally invasive surgery. The percentage improvement in lung function provided by this technique would have left these patients still housebound and bedridden. We now accept a preoperative FEV, of 500 ml as a minimum prerequisite for surgery. This may seem somewhat arbitrary; but we believe that this level oflung function offers safe surgery, and the order of improvement to be expected by this technique will provide an important improvement in the quality of life of such patients.
